Abstract: Simulations are effective tools for enhancing factory competitiveness. However, performing simulations requires a considerable amount of expertise, time, effort, and a large budget. Thus, many factories are resorting to cloud-based simulation services as an alternative. To facilitate realising this trend, this study established a factory simulation system for cloud-based simulation services. The proposed system imports factory and simulation scenario data in extensible markup language (XML) format through a cloud service provider (CSP), and an output report is generated in XML for export onto the CSP. An experimental simulation system was established to demonstrate the applicability of the proposed methodology. The experimental results support its effectiveness. The proposed methodology also facilitated the transfer of a factory simulation task to a simulation cloud that was more available and had stronger computation capability.
Introduction
Simulations have been applied to improve the performance of factories by, for example, determining a gain-optimal policy that minimises long-term inventory costs (Mahadevan et al., 1997) , comparing the performance of different scheduling methods (Chen and Lin, 2009) , enhancing products and production engineering processes (Kühn, 2006) , and translating the six-sigma philosophy into competitive solutions (Miller, 1994) . However, simulating a factory requires a considerable amount of expertise, time, and effort, and it is a lengthy task. Consequently, few factories have successfully built their own simulation models, let alone practicably applied them. Facing these problems, factories are seeking alternatives such as cloud-based simulation services, which constituted the motivation for undertaking this study.
Cloud manufacturing (CM) is the application of cloud computing in the manufacturing sector to enable on-demand network access to a shared pool of manufacturing resources including virtual machines (Wu et al., 2007; Colombo et al., 2013) , information systems, services, and manufacturing knowledge . Most existing CM system have been configured as client-server systems, in which a client reads a web service description language (WSDL) file (in extensible markup language, XML) on a server to determine what manufacturing services are available on that server. The WSDL file instructs the client on how to request a manufacturing service, the parameters that should be inputted when requesting a service, and the data structure of the data exchanged. A factory is a client to a cloud service provider (CSP), whereas a service cloud (SC) can be either a client or a server to a CSP. Well-established infrastructure, the operating strategies of a CSP, and the sequencing of jobs on an SC are critical to the effectiveness of a CM system; this study focuses on the sequencing of jobs. Specifically, a factory simulation system used by an SC was developed to support the functionality of the SC and therefore can be called a 'cloudlet' according to the definition by Ferreira et al. (2013) .
However, few previous studies have investigated this topic. In the limited literature, Chi et al. (2004) established a web-based automotive factory simulation system. The simulation model and system database were placed on the server side, with the running processes displayed on the screen of the client. However, the client could not upload another model to be simulated. Lindskog et al. (2012) used 3D lasers to scan a factory as an efficient means for efficiently and vividly generating a 3D factory simulation model, which was a critical step toward rapid factory visualisation. Chen and Lin (2015b) established a digital equipment identification system through which a factory could easily access the basic data and an image of a piece of equipment, which significantly reduced the time for building a facility layout online. However, whether factory visualisation is necessary in cloud-based factory simulations is questionable (Chen, 2014) . According to Chen (2014) , cloud-based simulation facilitates five stages in simulating a factory: preparing and analysing the data, defining the equipment, building the layout, defining and converting the recipes, and running simulations. To a CSP, how to evenly distribute the workload among possible SCs is a critical concern. To address this, Chen and Wang (2016) proposed an artificial neural network classification ensemble approach for estimating the simulation workload in CM.
The main problem associated with the existing methods is that the data structures of a factory model differ among simulation systems, which causes problems if the factory is to be simulated collaboratively by numerous SCs that use heterogeneous modelling logics (Pinedo, 2008) and database management systems. To solve this problem, in this study, a standard format (XML) (Chen and Lin, 2015a) was defined for modelling a factory online. In addition, the output report from an SC was also generated in XML to facilitate subsequent aggregation operations. Finally, an experimental simulation system was established to demonstrate the applicability of the proposed methodology.
The remainder of this paper is organised as follows. Section 2 details the proposed methodology. To illustrate the applicability of the proposed methodology, an experimental simulation system was established and is described in Section 3. Some points learned from establishing the experimental system are discussed. Finally, the conclusions of this study are drawn in the last section.
The proposed methodology

Defining a factory simulation model in XML
XML is an open standard that defines a set of rules for encoding documents in a format that is both human-readable and machine-readable (World Wide Web Consortium, 2008) . XML was designed for exchanging data on the internet. In addition, it is straightforward to import or export XML files into and from common databases. For these reasons, defining a factory simulation model in XML is a viable strategy for overcoming the incompatibility problem among various simulation systems. In the literature, Chen and Lin (2015a) adopted this approach. In their methodology, the data structures of the XML files for modelling a factory were defined in document type definition or XML schema definition (XSD) files.
In the proposed methodology, a factory simulation model is composed of two XML files: jobs.XML and scenario.XML. The XSDs for defining the XML files are shown in Figure 1 . In addition, another XSD for defining the output report from an SC is given in Figure 2 , in which the name of the SC is a required field for discriminating the output reports from different SCs. On the basis of the XSDs, the simulation model of a factory and the accompanying scenario are both defined in XML. The corresponding output report is also generated in XML.
Operations on an SC
There are five major parts in a cloud-based factory simulation system -the CSP, a factory simulation model, the system database, the simulation program, and the output module (Figure 3) . The operational procedure has six steps, which are depicted in the flowchart in Figure 4: 1 import the factory data from the CSP 2 save the imported data to the system database 3 build the simulation model by using the imported data 4 run the simulation 5 generate the output report 6 export the output report to the CSP. 
Experimental simulation system
An experimental system was established to demonstrate the applicability of the proposed methodology. Visual Studio 2015 was employed to develop the experimental simulation system on a PC with an Intel Core i7-4770 CPU (3.40 GHz) and 8 GB of RAM. Two modes of running the experimental simulation system were developed: manual and automatic. The manual mode enables the system administrator to manually control the execution of each step, whereas in the automatic mode, the system continuously scans the system database to search for simulation tasks that have not been fulfilled ( Figure 5 ). If there is more than one unhandled task, then the one with the earliest granted time is simulated first.
Figure 5
The system database is scanned for unhandled tasks (see online version for colours)
The factory data and simulation scenario were prepared by an engineer at the simulated factory and uploaded to a CSP. Both files were in XML, as shown in Figure 6 . Subsequently, the job data and scenario data were imported from the CSP according to a URL provided by the CSP (Figure 7) , and saved in the system database of the SC when necessary. In the experiment, the system database was built using Microsoft Access 2013. Subsequently, the dispatching rule specified in the scenario was applied to sequence the jobs in the factory. Dispatching rules built in the experimental system included first in first out (FIFO), shortest processing time (SPT), earliest due date (EDD), and critical ratio (CR). The logics behind these dispatching rules are summarised in Table 1 . After the simulation, the scheduling results were displayed on the screen (Figure 8 ). An output report in XML was also generated at the same time ( Figure 9 ). According to the experimental results, the following points were made: 
Conclusions
A standard format (XML) was defined for the online modelling of a factory in this study. In this way, the factory model can be easily imported into various database management systems, rendering it suitable for cloud-based applications such as simulating a factory by several SCs collaboratively. In addition, the output report from an SC was also generated in XML format to facilitate the subsequent aggregation operation. To demonstrate the applicability of the proposed methodology, an experimental simulation system, including a dedicated simulator that accepted and generated only XML files, was established. The experimental simulation system was then applied to complete a factory simulation task passed from a CSP. The success of this small case not only supported the effectiveness of the proposed methodology, but also encouraged us to extend the capability of the experimental simulation system. In addition, the experimental simulation system eliminated the need for factories to acquire simulation systems. It also facilitates the transfer of factory simulation tasks to a simulation cloud, which is more available and has stronger computation power.
To simulate a complex factory, a more sophisticated scheduling method may be required. However, because such a scheduling method might be uncommon, ensuring that the logics behind the scheduling method used by various SCs are all correct or completely identical is difficult, which constitutes a potential research direction for future studies.
